[1] We present observations from the Coupled Ion Neutral Dynamics Investigation (CINDI) of storm time meridional winds in the neutral atmosphere near the magnetic equator at 400 km altitude. Observations near the magnetic equator in the southern geographic hemisphere are dominated by energy inputs from the southern Polar Regions that produce south to north (equatorward) wind perturbations to accompany perturbations in the neutral density and temperature. In one exceptional case, when observations are made near midnight and the north magnetic pole rotates through the midnight sector, north to south (poleward) meridional wind perturbations are observed just south of the magnetic equator. Accompanying perturbations in the neutral density on the dayside and the nightside are consistent with observed increases in the ion temperature and inferred increases in the neutral temperature in accord with hydrostatic equilibrium.
Introduction
[2] Variations in high-latitude particle energy input and frictional heating in the thermosphere accompany changes in magnetic activity represented by indices such as AE and Dst. Many times, these changes are produced by a southward turning of the interplanetary magnetic field (IMF) [Saiz et al., 2008] . This localized heating at high latitudes is redistributed within a few hours over the entire global thermosphere, resulting in modifications in the temperature, composition, and winds [Fuller-Rowell et al., 1994] .
[3] Measurements of storm time perturbations in the thermospheric density have been well documented from a variety of satellite-borne accelerometers [Forbes et al. 1996; Sutton et al., 2005; Lühr et al., 2012] . However, measurements of the thermospheric temperature are sparser and generally derived from density measurements with some assumptions about mass composition and hydrostatic equilibrium [Weimer et al., 2011; Earle et al., 2013] . Thermospheric wind measurements are also rather sparse, being restricted to specific locations near ground-based observatories [Martinis et al., 2001] or to lower altitudes where atmospheric emissions are sufficient to detect Doppler shifts from space [Shepherd et al., 1993; Emmert et al., 2001] . In most cases, while the average disturbed period winds have been assessed [Wu et al., 1994; Fejer et al., 2000] , observations of thermospheric meridional winds near the equator during magnetic storms remain relatively few. Expectations for the storm time behavior of meridional winds are based on models of the coupled ionosphere and thermosphere driven by high latitude electric field and precipitating particle inputs [Emery et al., 1999; Fuller-Rowell et al., 2002; Gardner and Schunk, 2010] . These studies suggest that phase fronts in the thermosphere, produced by the high-latitude energy inputs, propagate toward the equator with velocities of 500-800 ms
À1
. All these studies indicate a strong local time and longitude dependence in the response. Propagation away from high latitudes will be most effective in the midnight sector and in the longitude sector where the magnetic pole is tilted toward the midnight sector [Fuller-Rowell et al., 1994] . In this sector, the equatorward meridional winds may also propagate across the equator into the opposing hemisphere.
[4] In this work, we contrast the different behaviors of the equatorial thermosphere in response to storm time inputs observed during the rising phase of solar cycle 24. We examine five storm periods between August 2011 and March 2012, for which perturbations in the neutral atmosphere density and meridional neutral air wind are recorded by the Coupled Ion-Neutral Dynamics Investigation (CINDI) aboard the Communications/Navigation Outage Forecasting System (C/NOFS) satellite. These data are restricted to the perigee portions of the satellite orbit between 400 km and 410 km altitude where the ion temperature is measured by CINDI and used as a proxy for the neutral gas temperature.
Observations
[5] The measurements considered for this study are in situ observations made by instrumentation aboard the ACE, Wind, and C/NOFS satellites. The ACE (Advanced Composition Explorer) and Global Geospace Science Wind spacecraft measure various geospace parameters, including the solar wind dynamic pressure and the Interplanetary Magnetic Field (IMF) [von Rosenvinge et al., 1995; Stone et al., 1998 ]. Data are obtained from the NASA Goddard OMNIWEB source, which includes a delay time to account for propagation to the anticipated location of the magnetopause. Also considered here is the Dst (Disturbance Storm Time) geomagnetic disturbance index. This index is used to characterize the magnetospheric response to the changes in the solar wind drivers and, in a qualitative sense, to normalize our expectations for the response of the low-latitude thermosphere [Burton et al., 1975] .
[6] The C/NOFS satellite was developed by the Air Force Research Laboratory to investigate the onset and evolution of plasma irregularities in the low-latitude ionosphere. CINDI is a NASA mission of opportunity comprising the Ion Velocity Meter (IVM) and Neutral Wind Meter (NWM) aboard the C/NOFS satellite to measure properties of the thermal ions and neutral gasses. The C/NOFS satellite was launched into a 13 inclination elliptical orbit with apogee near 800 km, and perigee near 400 km. The orbit period is about 96 min. The rotation of the line of apsides (connecting orbital perigee to apogee) and the local time precession of the orbit plane is such that all local times are sampled at perigee in approximately 2 months. In situ observations of neutral thermospheric number density and meridional neutral wind near 400 km are made from the cross-track sensor (CTS) in the NWM [Haaser et al., 2010] .
[7] In this work, we emphasize the different behaviors in the storm time meridional wind perturbations associated with the local time of the observation and the location of the magnetic poles during each of the five considered storm events occurring between August 2011 and March 2012. Observations are made at the satellite perigee near the geographic equator, and Figure 1 shows the local time of the observations and the configuration of the magnetic poles during each event. In each panel, a blue rectangle marks the perigee local time of the observations. For each event, there is a time delay of 3 to 5 h between the onset of the storm drivers, indicated by a southward turning of the IMF, and the response in the neutral atmosphere seen at the equator. The passage of the magnetic poles during this time period is also shown in each panel. [8] Figure 2 describes the storm drivers and the ionospheric and thermospheric response near the equator in a format that will be utilized for each of the events. Of the five events examined here, the first three have been considered by Earle et al. [2013] . In that work, the storm time neutral density perturbations are compared with observations made from the ground and their magnitudes were shown to be consistent with modeled neutral temperature increases due to energy inputs from high latitudes. Here, we consider the behavior of observed meridional wind perturbations and their relationships to the expected behavior of the high-latitude energy inputs as well as establishing the relationships between the observed neutral density perturbations and the neutral temperature inferred from simultaneous measurements of the ion temperature. In all cases, the angle between the horizontal cross-track direction and the geographic meridian varies around the orbit, being 13 (the orbit inclination) at the equator and 0 at the latitudes extremes of the orbit. All the data examined in this paper are taken at locations away from the geographic equator. Thus, the contribution of a zonal wind component to the horizontal wind component is always less than 20% of the expected meridional wind. The ion temperature is measured from the retarding potential analyzer (RPA) in the IVM [Heelis and Hanson, 1998 ]. These neutral and ion parameters are typically determined along the satellite track with a 2 Hz sample rate. For our purposes, the data are first smoothed using a running median filter with an outer scale of 350 km along the satellite track before the median values and standard deviations of the data for each pass below 410 km are displayed.
[9] Shown in Figure 2a are the hourly averaged values of the solar wind dynamic pressure (SWP) in blue on the righthand scale, the north-south (Bz) component of the IMF in red on the right-hand scale and the Dst index in black on the left-hand scale over a period of 8 days including a storm that occupied the period from 6 August through 8 August 2011. These data serve as representations of the solar wind drivers and the magnetospheric response. Shown in Figure 2b is a measure of the neutral number density perturbation observed by the CTS that is part of the CINDI instrumentation. This perturbation is represented by the fractional deviation in the sensor pressure at each perigee from a 4 day running average of the measured pressure at perigee. It should be emphasized that the original measurement is of the neutral ram pressure in a chamber, which is in thermal contact with the spacecraft and not significantly sensitive to the ambient neutral gas temperature Hanson et al. [1992] . Thus, it is predominantly a measure of the neutral number density.
[10] Figure 2c shows the ion temperature at perigee, as measured by the RPA, and Figure 2d shows the deviation in the neutral gas arrival angle measured by the CTS, as a departure from a 4 day running average of the arrival angle at perigee. The scale to the right of Figure 2d provides a conversion from angle to wind speed assuming a relative satellite velocity of 7.3 kms
À1
. Figure 2e shows the corrected geomagnetic latitudes (via IGRF) in black on the left-hand scale and solar local times in blue and geographic latitudes in red on the right-hand scale at the locations of the satellite perigees. Figure 2a shows the Dst index in black, the IMF Bz in red, and the solar wind dynamic pressure in blue. Figure 2b shows the fractional change in the observed ram pressure as a measure of the ambient neutral density change. The dark horizontal gray line indicates the maximum fractional increase. Figure 2c shows the change in the thermal ion temperature and Figure 2d the change in the meridional wind. All changes are determined from a 4 day running mean. A solid vertical line through all panels marks the storm onset, a dashed vertical line marks the apparent first C/NOFS observation of the storm and the sub-axis is in 2 h intervals. Figure 2e shows the corrected geomagnetic latitudes (via IGRF) in black, the solar local times in blue, and the geographic latitude of the satellite perigees in red.
HAASER ET AL.: STORM TIME MERIDIONAL WIND PERTURBATIONS
[11] Perigee rotates around the orbit while the orbit plane slowly precesses in local time. Thus, during the 8 day period shown, the local time of perigee changes by less than +3 h and the location of perigee changes in geographic latitude by 5 to 10
. The temporal resolution provided by these data is 96 min (the orbital period); and in addition, each perigee pass lags the previous pass in longitude by about 24
. A solid vertical line is drawn through all panels to denote the approximate storm onset, a dashed line is drawn to denote when C/NOFS observes the event, and a smaller time segment with 2 h intervals surrounds this location at the bottom of each panel to provide some estimate of the timing and duration of the observed perturbations.
[12] In Figure 2 , observations are made near the southernmost latitudes of the satellite orbit at 11 S geographic latitude and near 1800 local time. A rapid increase in the solar wind pressure accompanied by a southward turning of the z component of the IMF marks the onset of the storm drivers near 2000 UT on 5 August. The Dst responds by reaching a local minimum near À100 nT approximately 3 h later.
[13] At this time, an equatorward perturbation in the meridional wind is seen with an amplitude of about 100 ms À1 with a duration of 10-12 h in universal time spanning the longitude region from near 300 to near 180 . At the storm onset, the magnetic South Pole is located in the pre-dawn sector. As the storm progresses, the satellite perigee, which is initially located near the magnetic equator, moves to successively higher magnetic latitudes in the southern hemisphere and the magnetic south pole moves toward local noon. We thus expect the influence of energy inputs from the southern hemisphere is maintained throughout the event.
[14] The thermospheric response at the equator is additionally marked by an increase in the neutral number density by a factor of 1.6, which remains in place for a period of about 15 h before decaying to the background in the following 5 h. Almost colocated with the storm growth phase is a rise in the ion temperature. At this local time, the ion temperature may also be responsive to changes in the ion number density and to plasma transport processes. Generally speaking, there may exist, in this storm and others, additional short-timescale variations in the ion and neutral temperatures associated with solar flares that may sometimes coexist with the longer duration geomagnetic storm perturbations. Thus, the variability in the ion temperature may not always represent a similar variability in the neutral gas temperature. Superimposed on the short-scale variability, however, is a larger time-scale decrease in the temperature indicated by the heavy solid line; and we note that during the storm period, the ion temperature is elevated by 50 to 100 K above this baseline.
[15] A similar storm occurred in the period 25 September-1 October 2011, and is shown in Figure 3 . Again, the solar wind drivers and magnetospheric response are shown in Figure 3a ; and a measure of the neutral number density perturbation, the ion temperature and the meridional wind perturbation are shown in Figures 3b-3d , respectively, using the same format as in Figure 2 . In this case, observations are made at the southern extremes of the orbit, near 11 S geographic latitude at local noon. The solar wind drivers produce a slightly longer growth phase for the storm beginning near 1500 UT on 26 September. The Dst responds by reaching a minimum near À100 nT approximately 7 h later. The southern magnetic pole sweeps across the midnight sector during this period. The northsouth component of the IMF suggests that the electromagnetic energy inputs are terminated rather rapidly at the end of the growth phase.
[16] Examination of the meridional wind perturbation shows no signal that can be uniquely identified as a storm response. Some evidence for a small equatorward wind perturbation is suggested but it is comparable to similar perturbations that are not obviously correlated with the solar wind parameters that we have examined. Recall that in this case, the observations are made near the magnetic equator HAASER ET AL.: STORM TIME MERIDIONAL WIND PERTURBATIONS at local noon where winds propagating away from the high latitudes will be opposed by winds blowing away from the sub-solar point near the equator. Thus, a minimum response might be expected for such an observing configuration. Despite the absence of a meridional wind perturbation, a neutral density perturbation is observed about 5 h after the storm onset near 260
longitude. There appear to be two components to the pressure perturbation. Fundamentally, we observe a small increase of about 1.25 beginning during the growth phase and extends about 15 h, in a manner similar to that previously observed. In addition, also beginning during the growth phase, a larger perturbation rising to a magnitude of about 1.5 with duration of about 4 h is observed followed by a rapid decline to the background in a period less than 3 h. Examination of the ion temperature in Figure 3c shows an envelope with similar characteristics to that seen in the perturbation density. Specifically, there is a more extended period over which the ion temperature is elevated by about 50 K and a more limited period in which the ion temperature rises another 100 K.
[17] Figure 4 shows the observed responses in the equatorial thermosphere for the period 23 October-30 October 2011. The figure shows the storm drivers, the magnetospheric response and the thermospheric and ionospheric responses in the same format as Figures 2 and 3 . Again, the storm onset is marked by an increase in the solar wind dynamic pressure and a southward turning of the IMF at 2100 UT on 24 October. As before, the storm growth phase marks a rapid decrease in the Dst index to À100 nT in a period of about 4 h. However, the equatorial response is observed at perigee located in the southern hemisphere at 12 S geographic latitude near local midnight; and in this case, a clear equatorward meridional wind perturbation approaching 100 ms À1 is observed. The meridional wind rises in about 3 h, and then the perturbation decays over the following 7 h.
[18] We expect that perturbations propagating from high latitudes would be optimally observed near midnight since the poleward flows would be reinforced by day to night flows produced by solar heating. In this case, the observations are initially made in the southern magnetic hemisphere but move toward the magnetic equator as the storm progresses. The southern magnetic pole rotates through the dawn sector toward noon during the storm. Thus, the meridional wind perturbation remains equatorward (northward) throughout the event but not as large as might be expected if the South Pole were to rotate through the midnight sector. During the storm recovery phase after the initial C/NOFS perturbation observations, the north magnetic pole rotates through the midnight sector and the observation location moves toward the magnetic equator. At the end of this period from about 2200 UT on 25 October to about 1200 UT on 26 October, there is some evidence for observation of southward winds indicating that the disturbance originating from the North Pole has reached the observation location.
[19] During this event, the neutral density rises sharply by almost a factor of 2. The subsequent decay of the neutral density perturbation occurs almost linearly over a period of about 15 h spanning the longitude range from 360 to 135
. During this period, we may more confidently identify variations in the ion temperature with variations in the neutral temperature since the thermal contact between the two species is very good and no significant heating of the ions is expected at this post-midnight local time. The temperature shows a slow decline over the entire time period, consistent with the change in local time from near midnight during the storm to 0400 h by 30 October. Superimposed on this slowly declining baseline, shown by the solid line, is an enhancement in the temperature of about 50 K and a temperature perturbation of an additional 200 K occupying the first 10 h from storm onset. [20] Figure 5 shows the observed responses in the equatorial thermosphere for the storm in January 2012. The presentation format is the same as that shown in the previous figures. Here the change in the Dst index associated with changes in the solar wind drivers is less abrupt in time and smaller in magnitude. It occurs over a period of nearly 20 h beginning near 0800 UT on 22 January. Observations are made at 10 N near 0900 LT in a longitude sector where the satellite is north of the geomagnetic equator and the southern magnetic pole rotates through the afternoon sector toward midnight. No detectable perturbation in the meridional neutral wind is observed or expected under these daytime conditions. However, a significant perturbation in the neutral density is seen throughout the event. Particularly striking in this event is the correlation between changes in the neutral density perturbation and changes in the ion temperature. At this local time, the ion temperature is not expected to match the neutral temperature. However, we might expect that changes in the temperature are associated with changes in the ion cooling-rate, which is dependent on the neutral temperature.
[21] In March 2012, storm responses are observed in the midnight sector at perigee. Figure 6 shows data from a HAASER ET AL.: STORM TIME MERIDIONAL WIND PERTURBATIONS sequence of perigee passes in the period from 5 March to 12 March when two storms occurred associated with southward turnings of the IMF. The solar wind parameters, the Dst index and the response of the topside equatorial ionosphere and thermosphere are shown in the same format as the previous figures. Here, observations are made in the southern hemisphere near 10 S and near 5 S geographic latitude at the geomagnetic equator. Both storm onsets occur near 0200 UT with the Dst reaching a minimum about 4 h later of about À80 nT for the first event and near À120 nT for the second. In this case, a meridional neutral wind surge of near 50 ms À1 in the first case and 100 ms À1 in the second case is toward the south (poleward) even though the observations are taken near the magnetic equator in the southern hemisphere. However, of most significance here is that the northern magnetic pole rotates through midnight during each of the storms. This would suggest that, in this case, the equatorial neutral thermosphere responds first to the energy inputs in the northern hemisphere. We note that indeed the observations are taken in the magnetic meridian for which the northern magnetic pole is tilted toward the observation point and is located in the nightside where the prevailing day to night motions would reinforce the propagation of disturbances from the high latitude region. This circumstance is also highlighted in the work of Fuller-Rowell et al. [1994] showing that, in this meridian plane, the wind surge from the north may cross the geographic equator and remains significant 7 to 12 h after the storm onset.
[22] The strong correlation between neutral density perturbations, ion (and neutral) temperature deviations, meridional neutral wind surges, and the storm onsets are clearly seen in this sequence. Between the storms, there are additional responses related to an increase in the solar wind dynamic pressure, which will not be discussed here. The storm onsets again mark increases in the neutral density at the equator and strong evidence from the ion temperature that the neutral temperature is increased by about 50 K in the first event and by about 80 K in the second.
Discussion
[23] The observations shown here are remarkably consistent with previous modeling studies, although neither the external drivers nor the observational configurations are reproduced in a precise way in the reported model results [Fuller-Rowell et al., 1994 , Lu et al., 2012 . For these observations, each storm response is recorded near the magnetic equator at a relatively fixed local time over a wide range of longitudes. Thus, the previously reported storm time longitude variations [Fuller-Rowell et al., 1994] are convolved with the universal time progressions that are seen. The five storm events studied here are insufficient to provide a systematic description of local time and longitude variations at the equator. However, in all cases, we see that solar wind drivers include a southward turning of the IMF and produce a reduction in the Dst index to levels near À100 nT, and there are a number of basic principles revealed in model results that are consistent with the findings here.
[24] When examining the accompanying perturbations in the meridional neutral wind, we find that the response is highly dependent upon the local time, the longitude of the observation and the universal time of the storm onset, which determines the location of the magnetic poles with respect to the noon-midnight meridian. The model results from Fuller-Rowell et al. [1994] suggest that the most significant meridional wind perturbations will be seen in the evening and midnight sectors as is observed here. We find that while storm time perturbations in the density and temperature are systematically seen on the dayside and the nightside in the upper thermosphere, significant meridional wind perturbations are only seen in the evening and midnight sectors. This appears consistent with the suggestion that on the dayside, the storm winds compete with the usual prevailing poleward circulation. However, at night, the two wind systems constructively support equatorward motion and thus generate stronger wind responses [Fuller-Rowell et al. 1994] . It has been further suggested by Fuller-Rowell et al. [1994] that the largest perturbations will be seen for storms that occur while the magnetic pole is rotating through the midnight sector and that under these conditions the perturbed atmosphere may propagate from that polar region across the magnetic equator.
[25] We have demonstrated two cases when this condition largely prevails. One case occurs in October 2011, where the southern magnetic pole is in the midnight sector at storm onset, and the observations are made near midnight at 10 S geographic latitude in the southern magnetic hemisphere. In this case, an equatorward (northward) wind perturbation of roughly 100 ms À1 is observed 4 to 5 h after the storm onset. This observation taken at the southern extreme of the orbit can be unambiguously identified as a meridional wind perturbation associated with the expanding influence of energy inputs in the southern hemisphere. Another case occurs in March 2012 when the northern magnetic pole is in the midnight sector, and observations are made near midnight and between 5 S and 10 S geographic latitude and spanning the magnetic equator. In this case, the North Pole is in the nighttime sector and a southward wind perturbation of order 100 ms À1 is observed 4 to 5 h after the storm onset. Here a westward zonal wind perturbation, which Fuller-Rowell et al. [1994] suggests, will be less than 100 ms
À1
, could contribute at most 20% of the signal that we attribute to a meridional wind perturbation. However, the direction of the meridional wind perturbation cannot be changed. It is directed away from the North Polar Region in agreement with the expectation that in this longitude sector, the energy inputs at northern high latitudes will dominate the dynamics at the equator near midnight.
[26] Significant meridional wind perturbations during the August 2011 storm are also seen near 1800 local time, consistent with the equatorial expansion of a newly heated atmosphere at higher latitudes and a rotation to the west to conserve angular momentum. For this simple case, the wind perturbation conforms to the expectation that an equatorward perturbation will be observed originating from energy inputs in the polar region of the hemisphere in which the observation is made (in the southern hemisphere, for this case).
[27] For the events studied here, the zonal wind is not recovered by the NWM and the influence of the zonal wind perturbation on the horizontal wind shown here is very small. Thus, direct evidence for storm time modification of the zonal wind, which is expected to be~100 m/s westwards, cannot be presented. On the dayside, significant storm time meridional wind perturbations are not observed. Whether this is due to dominance of zonal flows across the dayside or the fact that the high latitude disturbance does not propagate to the equator cannot be unambiguously addressed.
[28] In each of the events, there is strong evidence that the neutral atmospheric temperature becomes elevated at the equator by 50 to 150 K. Although in this study we do not have a direct measure of the neutral temperature, we have made direct measurements of associated ion temperatures near an altitude of 400 km. During the nighttime, we have measured an ion temperature near 800 K and assume that the thermal contact between the ions and neutrals makes the ion temperature a good proxy for the neutral temperature [Heelis et al., 2009] . During the daytime, we assume that the changes in the ion temperature are only produced by changes in the ion cooling-rate and therefore also represent changes in the neutral temperature. The estimates of neutral temperature variations implied in this way are consistent with those derived from a model as reported by Earle et al. [2013] . Elevated temperatures in the thermosphere during the storm exist behind a phase front that propagates toward the equator at 400-800 ms À1 and arrives in the equatorial region some 3-5 h after the southward turning of the IMF. As mentioned previously, there are no significant changes in the neutral wind associated with the dayside in situ storm observations at an altitude of 400 km. Thus, we assume that heat is transferred by conduction to the lowest latitudes allowing the density and temperature enhancement perturbations to be readily observed. Such conduction is discussed in detail at high latitudes by Huang et al. [2012] . If we assume that the heating rates that produce the elevated neutral temperature are imposed above 180 km altitude [Fuller-Rowell, 1995; Thayer and Semeter, 2004] and that the newly heated atmosphere is in hydrostatic equilibrium by the time it reaches the equator, then the increase in the neutral scale height would produce a fractional increase in the neutral number density at an altitude near 400 km between 0.3 and 1.0. This range is well represented by the observed changes in neutral number density. However, changes in the mean mass of the atmosphere as appear in the model of Fuller-Rowell et al. [1994] can introduce additional variability into the relationship between the density and temperature perturbations. For the fall 2011 storms, Earle et al. [2013] find a similar agreement between the neutral density perturbations and the thermospheric temperatures measured by a ground-based system in South America. A temperature increase of about 150 K at 0900 solar local time observed on 21 January is most likely due to Coulomb collisions with electrons at elevated temperatures, usually expected post-sunrise [Bhuyan et al., 2004; Pavlov et al., 2001] . One should note that there are no appreciable increases in the neutral density at this time because the increase in ion temperature is due to Coulomb collisions, not ion cooling-rate changes.
[29] It should also be noted that portions of the storm events in September 2011 and January and March 2012 are coincident with solar flares, which may produce additional enhancements in the ionosphere and thermosphere [Qian et al., 2011] . However, the events in August and October 2011 discussed in this paper do not coincide with flares on the timescales of interest (within one orbit, or about 96 min), and the largest changes in all of the five events are clearly due to the geomagnetic inputs. Further discussion about the separation of solar and geomagnetic effects can be found in Qian et al. [2011] .
Conclusions
[30] Storm time energy inputs at high latitudes produce modifications to the upper thermosphere that propagate to the equatorial regions within a few hours. These perturbations in the neutral temperature, density, and circulation are observed near 400 km altitude by the CINDI instrumentation flying aboard the C/NOFS satellite. Perturbations in the neutral density are observed directly and are consistent with a change in the neutral scale height associated with an elevated neutral temperature that can be deduced from direct measurements of the ion temperature near 400 km altitude. Perturbations of the meridional neutral wind are also observed but are restricted to the evening and midnight sectors. These observations, which are biased to the southern side of the magnetic equator, are dominated by energy inputs at southern high latitudes except in one case when the northern magnetic pole rotates through midnight during the storm onset. In this case, the energy inputs from northern high latitudes influence the meridional flow.
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